Kinesiology-type tape (KTT) has become popular in sports for injury prevention, 30 rehabilitation, and performance enhancement. Many cyclists use patella KTT; however, its 31 benefits remain unclear, especially in uninjured elite cyclists. We used an integrated 32 approach to investigate acute physiological, kinematic, and electromyographic responses to 33 patella KTT in twelve national-level male cyclists. Cyclists completed four, 4-minute 34 submaximal efforts on an ergometer at 100 and 200 W with and without patella KTT. 35 Economy, energy cost, oxygen cost, heart rate, efficiency, 3D kinematics, and lower-body 36 electromyography signals were collected over the last minute of each effort. Comfort levels 37 and perceived change in knee stability and performance with KTT were recorded. 38
INTRODUCTION
bottom of their power stroke , a strip of KTT (RockTape™, RockTape Inc., California) of 137 length equal to 50% of individual knee circumference was applied on to the centre of the 138 patella with light tension (approximately 25% of stretch to the tape). The medial and lateral 139 tape edges were aligned with the medial and lateral knee-joint lines (Figure 1) . The same 140 experienced physiotherapist applied the tape to all cyclists. This simple KTT method (i.e., 141 across the patella) was selected given its ease-of-use and findings from previous studies 142
indicating that such a method impacts cycling biomechanics in a manner that is comparable 143 to that of a more intricate KTT application method (Theobald et al., 2014) . Given the 144 minimalist KTT method applied, a "placebo" taping method was not implemented. Oxygen consumption (VO2), carbon dioxide output (VCO2), and heart rate were monitored 149 throughout the 4-minute experimental efforts using a calibrated K5 wearable metabolic 150 technology system (COSMED, Rome, Italy). All physiological measures were averaged over 151 the last minute where steady state was observed. VO2 was used to determine steady-state 152 relative oxygen cost (mL/kg/km) and absolute cycling economy (W/L/min). From the VO2 153 and CO2 data, the relative energy cost of efforts (kcal/kg/km) was estimated using the energy 154 expenditure equations described by Jeukendrup and Wallis (2005) . Gross efficiency (%) and 155 delta efficiency (%) were calculated as suggested by Coyle et al. (1992) using the ratio of 156 work accomplished (watts converted to kcal/min) to absolute energy cost (kcal/min) for 157 gross efficiency, and the reciprocal of the slope that describes the relationship between the 158 absolute energy cost and work accomplished for delta efficiency.each 4-minute cycling effort at 300 Hz using 10 Oqus 300 infrared cameras and the Qualisys 163
Track Manager Software version 2.12 (Qualisys AB, Gothenburg, Sweden). Forty-six retro-164 reflective markers (12 mm in diameter) were affixed to the skin, clothes, and shoes of 165 cyclists based on the Calibrated Anatomical System Technique (Cappozzo et al., 1997) and 166 following established guidelines (Grood and Suntay, 1983). All 46 markers were used for 167 static calibration; whereas 14 markers were removed for the cycling efforts (Figure 2) . USA), with the local coordinates of the trunk, pelvis, thighs, shanks, and feet derived from 174 the static calibration and the pelvis used to define hip-joint centres (Bell et al., 1989) . Prior 175 to each session, the measurement volume was calibrated using a 750-mm wand and L-frame 176 that defined the Cartesian origin of the laboratory. Cyclists were then requested to sit on the 177 saddle of the ergometer, with legs hanging to the side, and remain motionless to allow static 178
calibration. 179 180

Electromyography 181
The electromyography (EMG) signals from the following four muscles were recorded on 182 both the dominant and non-dominant sides: vastus medialis (VM), vastus lateralis (VL), 183 rectus femoris (RF) and biceps femoris (BF). Signals were recorded using Noraxon's Dual 184 EMG surface Ag/AgCl electrodes (17.5 mm inter-electrode distance), wireless EMG 185 sensors, and Desktop DTS data logger (Noraxon USA Inc., Scottsdale, AZ). EMG data were 186 sampled at 1500 Hz, low-pass filtered at 500 Hz, and digitally integrated through the Perceived change in knee stability and performance with KTT compared to NT was assessed 196 at the end of the experimental session using a 5-point Likert (1932) Scale from negative (1) 197 to positive (5) perception, with the mid-point value representing no change (3). Comfort 198 level of KTT was also assessed using a similar method. Anchor points ranged from very 199 uncomfortable (1), much less stable (1), and much worse (1) to very comfortable (5), much 200 more stable (5), and much better (5) for comfort, knee stability, and performance, 201
respectively. 202 203
Data processing 204
Kinematic and EMG data were exported to the C3D format and processed in Visual 3D. 205
Marker data were filtered using a 4 th order zero-lag 15 Hz Butterworth bidirectional filter. 206
Kinematic parameters were then calculated using rigid-body analysis and Euler angles 207 obtained from the static calibration. Hip, knee, and ankle angles in the sagittal (flexion-208 extension), coronal (adduction-abduction), and transverse (internal-external rotation) planes 209 were calculated using an x-y-z Cardan sequence equivalent to the Joint Coordinate System 210 (Grood and Suntay, 1983), with the pelvis angles in the sagittal (anterior-posterior), coronal 211
(dominant, non-dominant obliquity), and transverse (dominant, non-dominant rotation) 212 planes defined relative to the laboratory. Trunk angles in the sagittal (flexion-extension), 213 coronal (dominant, non-dominant lateral flexion), and transverse (dominant, non-dominant 214 rotation) planes were also defined in relation to the laboratory coordinates. Data wereand range of motion (ROM) values extracted. 218 219 EMG signal data were zeroed to remove any baseline offset and a 20-Hz high-pass filter 220 applied to remove movement artefacts. Signals were subsequently rectified and linear 221 envelopes generated by smoothing the data using a low-pass, 4 th order, zero-lag 15 Hz 222
Butterworth filter. The linear envelope for each muscle was then normalized to the highest 223 observed signal across all four conditions examined (% max). Similar to the kinematic data, 224 ensemble-average EMG signal curves time normalized to maximal knee flexion events were 225 generated from which mean and peak EMG signal values were extracted. An integrated 226 EMG (iEMG) signal was also generated by integrating the linear envelop from the start to 227 the end of each movement cycle, which was then normalized to the maximal observed iEMG 228 across all four efforts (% max). 229
230
Statistical analysis 231
Mean and SD values were computed for all parameters for both the 100 and 200 W efforts 232 and dominant and non-dominant sides. Changes in mean (Δmean) and standardized effect 233 sizes (ES) were computed to quantify the acute effect of KTT; with ES considered small, 234 moderate, large, and very large when reaching thresholds of 0.2, 0.6, 1.2, 2.0, and trivial 235 when < 0.2 (Smith and Hopkins, 2011). An effect was deemed 'clear' when its 90% 236 confidence limit did not overlap the thresholds for small positive and small negative effects 237 (i.e., 5%); and 'likely' to be clinically meaningful when its probability exceeded 75% (Smith 238 Table  255 3) were trivial, except for the mean ankle ROM in the transverse plane at 100 W on the 256 dominant side, where a small non-significant increase was noted (ES, 0.35; P, 0.097; Table  257 2). In all other cases, the effect of KTT was unclear or unlikely, and not statistically 258 The effect of KTT on certain VM, VM-to-VL ratio, BF, and RF-to-BF ratio measures were 266 clear, likely, and significant at 100 W ( Most cyclists perceived KTT as being comfortable, providing additional stability to the 295 knee, and enhancing performance (Figure 3) . However, three cyclists felt that KTT was 296 uncomfortable, with one cyclist feeling more unstable with KTT. which might explain some of the differential responses between legs that were observed. 399
However, given that work was controlled, and power and force not monitored, the 400 mechanistic reasons behind the between-leg differences remain undetermined. Small sample sizes are an inherent limitation in any high performance sport environment, 433 which reduced our statistical power. All male National Team cyclists available for testing 434 accepted to participate. Our sample size could not be increased further without 435 compromising the external validity of our findings (i.e., testing lower-level cyclists). Futureresearch should examine the repeatability of the effect of KTT application and the potential 437 for any long-term effect or habituation to KTT more thoroughly. We tested only elite male 438 cyclists since the national-level female cyclists were training overseas at the time of data 439 collection and thus the findings may be specific to this population. Female athletes differ 440 physiologically, morphologically, and with respect to injury risk factors compared to male 441 athletes, therefore specific investigations of how female cyclists respond to KTT are 442 warranted. We also acknowledge that the power settings selected were submaximal for elite 443 cyclists and that responses at higher powers might differ. Using lower powers was a 444 necessity to calculate steady state oxygen consumption, economy, and efficiency, and for 445 practical relevance to the National Cycling Team of Malaysia. It should be noted however, 446 that during tour events cyclists often perform for prolonged periods at relatively low levels 447 of power production. 
Delta efficiency
26.5 ± 3.1 27.3 ± 2.3 0.8 ± 3.0 0.25 ± 1.04 (unclear) 0.380 Note. An effect was deemed 'unclear' when its 90% confidence limit overlapped the 590 thresholds for small positive and small negative effects (i.e., 5%). § Probability of the effect 591 exceeds 75% and is 'likely' to be clinically meaningful. was deemed 'unclear' when its 90% confidence limit overlapped the thresholds for small 620 positive and small negative effects (i.e., 5%). § Probability of the effect exceeds 75% and is 621 'likely' to be clinically meaningful. -0.09 (trivial) 0.514 Mean 93.9 ± 23.6 91.6 ± 18.2 -2.3 ± 5.5 -0.10 (trivial) 0.456 Note. An effect was deemed 'unclear' when its 90% confidence limit overlapped the 632 thresholds for small positive and small negative effects (i.e., 5%). An effect was deemed 633 'unclear' when its 90% confidence limit overlapped the thresholds for small positive and 634 small negative effects (i.e., 5%).
§ Probability of the effect exceeds 75% and is 'likely' to be 635 clinically meaningful. 636 small, large, and very large) and significant changes (P ≤ 0.05) are highlighted in grey. 
ND iEMG
66.4 ± 6.9 68.9 ± 11.5 2.5 ± 13.7 0.37 (unclear) 0.643 VL Mean 12.8 ± 1.8 12.8 ± 3.2 0.1 ± 2.2 0.05 (unclear) 0.924 Peak 50.2 ± 7.0 47.7 ± 9.0 -2.6 ± 9.3 -0.37 (unclear) 0.433 D iEMG 65.8 ± 8.1 69.4 ± 9.0 3.6 ± 9.4 0.45 (unclear) 0.284 Mean 13.0 ± 1.6 13.1 ± 2.1 0.1 ± 1.7 0.09 (unclear) 0.831 Peak 34.4 ± 12.6 37.1 ± 2.5 2.8 ± 14.5 0.22 (unclear) 0.657 ND iEMG 54.4 ± 15.9 53.7 ± 6.7 -0.7 ± 15.1 -0.04 (unclear) 0.906 RF Mean 11.9 ± 3.0 11.9 ± 1.7 -0.1 ± 3.4 -0.02 (unclear) 0.971 Peak 39.5 ± 10.1 40.8 ± 6.6 1.3 ± 7.2 0.13 (unclear) 0.672 D iEMG 62.1 ± 11.9 63.7 ± 7.8 1.6 ± 13.6 0.14 (unclear) 0.761 Mean 11.6 ± 1.7 11.4 ± 1.8 -0.2 ± 2.2 -0.11 (unclear) 0.844 Peak 42.6 ± 11.6 45.1 ± 6.4 2.6 ± 16.0 0.22 (unclear) 0.711 ND iEMG 57.8 ± 12.9 58.8 ± 8.7 1.0 ± 12.9 0.08 (unclear) 0.846 BF Mean 12.7 ± 4.8 12.2 ± 3.0 -0.5 ± 3.7 -0.11 (unclear) 0.735 Peak 44.1 ± 8.1 38.5 ± 5.9 -5.6 ± 6.2 -0.69 (moderate) § 0.077 D iEMG 52.8 ± 13.1 52.8 ± 6.8 0.0 ± 13.4 -0.01 (unclear) 0.999 Mean 10.7 ± 3.1 9.6 ± 2.1 -1.0 ± 2.4 -0.34 (unclear) 0.338 Peak 85.6 ± 8.5 97.6 ± 15.5 11.9 ± 17. Note. An effect was deemed 'unclear' when its 90% confidence limit overlapped the 645 thresholds for small positive and small negative effects (i.e., 5%). § Probability of the effect 646 exceeds 75% and is 'likely' to be clinically meaningful. 647 
